Introduction
============

Advanced prostate cancer is refractory to conventional treatments by anti-hormonal therapy, radiotherapy, and chemotherapy [@B1]. The first-line systemic docetaxel-based chemotherapies used as care for patients with metastatic prostate cancer are only palliative and typically culminate in the death of patients after about 12\~19 months [@B2]. These clinical limitations illustrate the pressing need to utilize new and improved molecular indicators of prostate cancer progression. The epithelial-to-mesenchymal transition (EMT) genetic program was implicated as a significant contributor to prostate cancer progression [@B3]. Recent studies demonstrated that over 70% of cancer metastasis from prostate cancer develops bone metastases that are not sensitive to hormonal therapy, radiation therapy, or chemotherapy [@B4]. As such, targeting the EMT represents an important therapeutic strategy for preventing or treating prostate cancer metastasis. Therefore, identifying and developing new molecular therapies to target the EMT of metastatic prostate cancer are urgently needed.

Berberine, a clinically important natural isoquinoline alkaloid, is characterized by a diversity of pharmacological effects [@B5]. It also shows the suppressive effect of berberine on the proliferation of various cancer cells through induction of cell cycle arrest and cellular apoptosis [@B6]-[@B8]. Recently, the use of berberine has attracted great attention as an alternative anti-metastasis therapy of various lines of cancers such as gastric, oral, bladder, and liver cancers, considering its low toxicity and low cost [@B9]-[@B13]. Very recently, berberine was reported to inhibit the metastatic potential of lung cancer cells through suppression of the transforming growth factor (TGF)-β-induced EMT [@B14]. However, little is known about the action of berberine on the migration and invasion of prostate cancer cells which needs to be explored.

In this study, we demonstrated that the migration and invasion of metastatic prostate cancer cells could be inhibited by berberine. We also found the inhibition of migration and invasion of prostate cancer cells through berberibe-regulated suppression of EMT-related genes. In addition, simultaneous high expressions of three berberine-inhibited EMT-related genes, such as bone morphogenetic protein 7 (BMP7), NODAL and Snail, were identified to be survival biomarkers for prostate cancer outcomes.

Materials and Methods
=====================

Chemicals and antibodies
------------------------

Berberine (\>98% purity), DMSO, and 3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Antibodies against E-cadherin, Vimentin, Twist and Snail were purchased from Cell Signaling Technology (Beverly, MA, USA). The antibody against β-actin was purchased from Chemicon International (Temecula, CA, USA).

Cell cultures
-------------

PC-3 and LNCaP cell lines (ATCC, Manassas, VA, USA) were cultured in RPMI-1640, supplemented with 10% fetal bovine serum (FBS) and antibiotics. The DU145 (ATCC) cell line was cultured in minimum essential Eagle\'s medium supplemented with 10% FBS, 2 mM L-glutamine, and antibiotics. Cultures were maintained in a 5% CO~2~ humidified atmosphere at 37 °C.

Western blot analysis
---------------------

Cell lines and human prostate cancer specimens were placed in lysis buffer at 4 °C for 1 h. Protein samples were electrophoresed using 12% sodium dodecylsulfate (SDS)-polyacrylamide gel electrophoresis (PAGE), performed as previously described (15).

Cell viability assay
--------------------

Cell viability was determined by MTT assays as reported previously (16). Cells were seeded at 10^4^ cells/well 24 h prior to treatment.

Wound-healing assay
-------------------

After PC-3 cells had grown to confluence in 6-mm culture plates, an artificial "wound" was created using a 200-μl pipette tip to scratch the confluent cell monolayer. The wound area was subsequently inspected after 12 and 24 h using an inverted phase-contrast microscope with a digital camera. The wound-healing speed was calculated as the percentage of the initial wound until total wound closure at different time points using NIH ImageJ software (US National Institutes of Health).

*In vitro* migration and invasion assays
----------------------------------------

Assays were performed using Falcon^TM^ cell culture inserts (8-μm pore size) in a 24-well format (BD Biosciences, San Jose, CA, USA) according to the vendor\'s instructions. In the migration assay, PC-3 cells (10^4^ cells/well) in 0.5 ml of serum-free medium containing berberine at the indicated concentration were seeded onto membranes of the upper chambers, which had been inserted into wells of 24-well plates containing 10% FBS-supplemented medium. After 12 h, cells were fixed with 100% methanol and stained with 5% Giemsa stain (Merck, Darmstadt, Germany). Un-migrated cells that remained in the upper chambers were removed by wiping the top of the insert membranes with a damp cotton swab, which left only those cells that had migrated to the underside of the membranes. The membranes were mounted on glass slides, and numbers of cells in three randomly chosen high-power fields were counted. For the invasion assay, PC-3 cells (10^5^ cells/well) in 0.5 ml of serum-free medium containing berberine at the indicated concentration were seeded onto Matrigel-coated membranes of the upper chambers and incubated at 37 °C. The lower chambers contained the same amount of berberine in 10% FBS-medium. After 24 h, noninvasive cells remaining on the upper surface of the membranes were removed with a cotton swab. Cells on the lower surface of the membrane were fixed in 100% methanol and stained with 5% Giemsa stain for 10 min. Membranes were mounted on glass slides, and numbers of cells in three randomly chosen high-power fields were counted. All experiments were performed three times and photographed under a phase-contrast microscope (200×).

EMT polymerase chain reaction (PCR) array and quantitative reverse-transcription (RT)-PCR
-----------------------------------------------------------------------------------------

Total RNA was extracted from untreated (control) and berberine-treated PC-3 cells using a Qiagen RNeasy kit and Qiashredder columns according to the manufacturer\'s instructions (Qiagen, Valencia, CA, USA). One microgram of total RNA was reverse-transcribed to complementary DNA (cDNA) using ReactionReady^TM^ First Strand cDNA Synthesis Kit (SABiosciences, Frederick, MD, USA) and applied to the EMT PCR Array following SABiosciences\' RT-PCR manual (cat. no. PAHS-090Z, 96-well format). Plates were processed in an Applied Biosystems StepOnePlus™ Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) using an automated baseline and threshold cycle detection. Data were interpreted using SABiosciences\' web-based PCR array analysis tool. The quantitative RT-PCR for confirmation of regulated genes was performed as previously described [@B17]. Sequences of specific primers for each gene are listed in Table [1](#T1){ref-type="table"}.

Statistical analysis
--------------------

Statistical analyses were performed as recommended by an independent statistician. These included unpaired Student\'s *t*-test (cell viability, migration and invasion assays, and quantitative RT-PCR). All statistical analyses were performed using SPSS software (SPSS, Chicago, IL, USA), all values are expressed as the mean ± standard error of the mean (SEM), and statistical significance was accepted at *p*\<0.05.

Results
=======

Berberine suppresses the motility of PC-3 cells
-----------------------------------------------

To determine whether berberine can inhibit human prostate cancer metastasis, we first examined the expression levels of EMT mediators in various prostate cancer cell lines with an immunoblot analysis. As shown in **Figure [1](#F1){ref-type="fig"}A**, among three prostate cancer cell lines, PC-3 cells were demonstrated to have the highest migratory ability among the three prostate cancer cell lines (18) and with a high expression level of the mesenchymal marker, vimentin, and a low expression level of the epithelial marker, E-cadherin. LNCap was the most static cell line with a low expression level of vimentin and a high expression level of E-cadherin. An increase in cell motility has an impact on the metastatic potential of cancer cells. We thus tested whether berberine could decrease the motility of PC-3 cells, a cell line with high metastatic potential. Before examining cell motility, we performed a cell viability analysis to determine the lowest concentration of berberine that did not induce cell death. Berberine reduced cell viability, effectively inhibiting proliferation at concentrations of \>50 μM of three prostate cancer cell lines (**Figure [1](#F1){ref-type="fig"}B**). We found that concentrations of berberine of 10\~50 μM inhibited cell proliferation by \<20% after 24 h of treatment (**Figure [1](#F1){ref-type="fig"}B**). We next performed a wound-healing assay in PC-3 cells, in which a line was formed by scratching the cell monolayer with a pipette tip. In this model, the gap was mainly covered by cells that moved to close it rather than cells that proliferated, at least at early time points when cells have not had enough time to proliferate. Results are presented as a percent of the distance that the wound had closed at that particular time point (**Figure [1](#F1){ref-type="fig"}C, [1](#F1){ref-type="fig"}D**). At 12 h, about 40% of the initial gap had closed in vehicle-treated cells, while 5%\~20% of the gap had closed in berberine-treated cells. At 24 h, about 90% of gap had closed in vehicle-treated cells, while only 5%\~50% of the gap had closed in berberine-treated cells (**Figure [1](#F1){ref-type="fig"}C, [1](#F1){ref-type="fig"}D**), suggesting that berberine inhibited their motility. Taken together, these results suggest that berberine inhibited cell motility that resulted in reduced closure of the gap.

Berberine inhibits migration and invasion of highly metastatic prostate cancer cell lines in a concentration-dependent manner
-----------------------------------------------------------------------------------------------------------------------------

Cancer metastasis, a complex and multistep process, is highly related to cell motility, and the migratory and invasive abilities of cancer cells (19). To further determine the influence of berberine in the migration and invasion of prostate cancer cells, PC-3 and DU145 cells were treated with berberine at the indicated concentration. Then the migration transwell assay was performed to determine the migratory abilities of the two prostate cancer cell lines after 24 h treatment. As shown in **Figure [2](#F2){ref-type="fig"}A**, the migratory abilities of these two prostate cancer cell lines were significantly reduced after berberine treatment. The inhibition rate was respectively 30% and 60% in PC-3 and DU145 cells compared to the control group at low concentration (25 μM) of berberine treatment (**Figure [2](#F2){ref-type="fig"}A, *right panel***). Subsequently, the effects of berberine on the invasion of these cells were also determined by matrigel invasion assay system. The invasion capability of berberine-treated groups was inhibited 43% and 55% in PC-3 and DU145 cell line respectively, compared to the control group at low concentration (25 μM) of berberine treatment (**Figure [2](#F2){ref-type="fig"}B**). Although exposure of either cell line to berberine within the same dose range caused a dose-dependent reduction in cell viability within 24 h of treatment (**Figure [1](#F1){ref-type="fig"}B**), this drug-mediated inhibition of cell motility and invasion was not attributable to cell death as the rates of the concentration-dependent decreases in invasion and migration were significantly greater than that in viability (**Figure [2](#F2){ref-type="fig"}C** for PC-3 cells, *p*\<0.01; **Figure [2](#F2){ref-type="fig"}D** for DU145 cells, *p*\<0.005). These data show that berberine exerts inhibitory effects on the migratory and invasive abilities of prostate cancer cells.

Inhibition of mesenchymal marker gene expressions in response to berberine
--------------------------------------------------------------------------

The role of berberine in regulating EMT was further demonstrated by detection the protein expression of several key EMT effectors, including E-cadherin, vimentin, Twist and Snail. It is noteworthy that berberine had no appreciable effect on the aforementioned biomarkers expression in PC-3 cells (**[Additional file 1](#SM1){ref-type="supplementary-material"}: supplementary Figure 1A**), except for Snail. To identify genes associated with the invasive phenotype of prostate cancer cells which are regulated by berberine, we profiled changes to EMT genes using an RT^2^ Profiler^TM^ Human EMT PCR Array analysis consisting of 84 epithelial and mesenchymal genes (**[Additional file 1](#SM1){ref-type="supplementary-material"}: supplementary Table 1**). A 4-fold or greater difference in mRNA expression levels was used as the cut-off to determine significant regulatory effects on genes involved in tumor metastasis. Berberine treatment (25 μM, 24 h) was found to exclusively downregulate five of 84 EMT-related genes assessed in this experiment (**Figure [3](#F3){ref-type="fig"}A**). Remarkably, berberine treatment negatively affected the expression of three mesenchymal genes regulating the developmental EMT: platelet-derived growth factor receptor-beta (PDGFRB), collagen, type I, alpha 2 (COL1A2), and bone morphogenetic protein 7 (BMP7) (**Figure [3](#F3){ref-type="fig"}B**). Of note, berberine treatment simultaneously attenuated expressions of the TGF-β responsive genes, NODAL and WNT11 (**Figure [3](#F3){ref-type="fig"}B**), and these two genes were demonstrated to be involved in regulation of the progression of prostate cancer (20, 21). Moreover, we also observed that the expression of Snail mRNA was significant inhibited by berberine treatment (**[Additional file 1](#SM1){ref-type="supplementary-material"}: supplementary Figure 1B**). To confirm EMT PCR Array result, we investigated the dose-dependent effect of berberine on the expressions of these five genes by a quantitative RT-PCR. Significant decreases in the expression of mRNA levels of these five genes were found after berberine treatment in berberine-treated PC-3 (**Figure [3](#F3){ref-type="fig"}C**) and DU145 (**Figure [3](#F3){ref-type="fig"}D**) cells. Taken together, these results suggest that alterations in expression levels of these genes by berberine treatment may have inhibited the metastasis potential of prostate cancer cells.

Ectopic activation of berberine-mediated suppression of two EMT-related genes in metastatic prostate tumors is a strong predictor of a poor prognosis
-----------------------------------------------------------------------------------------------------------------------------------------------------

To understand whether berberine-mediated suppression of EMT-related genes was upregulated in metastatic prostate cancer, we next investigated expressions of these genes in prostate tissues. We recruited a cohort of 140 prostate cancer patients from a publicly available dataset, deposited in the NCBI Gene Expression Omnibus (*GEO*) under accession no. GSE21032 (22). The samples included normal prostate tissues, primary prostate cancer tissues, and metastatic tissues. As shown in **Figure [4](#F4){ref-type="fig"}**, we observed that BMP7 (**Figure [4](#F4){ref-type="fig"}A**), NODAL (**Figure [4](#F4){ref-type="fig"}B**), and WNT11 (**Figure [4](#F4){ref-type="fig"}C**) expressions were significantly upregulated in metastatic prostate cancer tissues compared to the primary tumor group, whereas expressions of the PDGFRB and COL1A2 genes showed no statistically significant (NS) difference between the metastatic group and primary tumor group (**[Additional file 1](#SM1){ref-type="supplementary-material"}: supplementary Figure 2**). As noted above, the three upregulated genes of metastatic prostate cancer tissues were previously reported to be associated with the aggressive progression of prostate cancer (21, 23); however, the clinical relevance of these genes in prostate cancer is still unclear. This led us to explore the prognostic relevance of these EMT-related genes in prostate cancer using Kaplan-Meier survival analysis (24). A cohort of a transcriptome dataset of prostate cancer with outcomes was available from the Taylor database (22). Specifically, as shown in **Figure [4](#F4){ref-type="fig"}D**, only the expression levels of the two EMT-related genes, BMP7 and NODAL, were able to stratify patients by K-means clustering into two subgroups (low- and high-risk groups) which exhibited significant differences (*p*=0.0440) in overall survival according to the Kaplan-Meier survival analysis (**Figure [4](#F4){ref-type="fig"}E**). However, there was no significant difference in genes selected by a single-gene or any combination of two- or three-gene models according to the Kaplan-Meier survival analysis (**[Additional file 1](#SM1){ref-type="supplementary-material"}: supplementary Figure 3**). Taken together, these data are remarkable in light of the high BMP7 and NODAL expressions of metastatic prostate cancer tissues with shorter survival times of prostate cancer patients and provide therapeutic interventions when the expressions of these genes rise following definitive treatment for advanced prostate cancer.

Discussion
==========

Cancer cell metastasis is a complex and multistep process that includes cell migration, invasion, adhesion, and vessel formation (25). It has been demonstrated that about 90% of all cancer deaths can be linked to tumor metastasis (26). Therefore, it is important to identify an agent that could disrupt one or more steps of the metastatic process would be decrease the mortality of cancer patients. A number of natural products have been investigated with antimetastatic effect for prostate cancer cells (27-30). The present study established for the first time the important role played by the natural alkaloid, berberine, in repressing the metastatic process and the invasive ability of prostate cancer cells. There are several lines of evidence that support this conclusion which are listed below. First, our *in vitro* data clearly demonstrated that berberine had significant suppressive effects on the migration and invasion of highly metastatic prostate cancer cells. Second, berberine markedly decreased five EMT-related genes in a dose-dependent manner of PC-3 cells, and these genes are relevant to cancer metastasis. Third, berberine-mediated suppression of two high-expression EMT-related genes of metastatic prostate tumors was associated with a shorter survival of prostate cancer patients. Collectively, this study is the first to report that expressions of the BMP7 and NODAL genes are inhibited by berberine, and their aberrant expression together accurately predicted prostate cancer outcomes.

Several studies have shown that Snail is a prime promoter of metastasis in a variety of cancer types (31, 32). Recently, Whiteland *et al.* (33) has demonstrated Snail expression was significantly increased in prostate cancer tissues and was strongly associated with increasing clinical stage but did not demonstrate a significant association with patient survival. In the present study, we demonstrated that Snail expressions was significantly upregulated in metastatic prostate cancer tissues compared to the primary tumor group (**[Additional file 1](#SM1){ref-type="supplementary-material"}: supplementary Figure 4A**), and high expression of Snail in prostate cancer tissues was also not significantly associated with patient survival (**[Additional file 1](#SM1){ref-type="supplementary-material"}: supplementary Figure 4B**). However, there was more significant in genes combination of BMP7/NODAL/SNAI1 three-gene models than BMP7/NODAL two-gene models according to the Kaplan-Meier survival analysis (**[Additional file 1](#SM1){ref-type="supplementary-material"}: supplementary Figure 4C** compared to **Figure [4](#F4){ref-type="fig"}E**). Taken together, this results provide evidence of a three-gene prognostic model that can accurately define prostate cancer clinical risk groups and could thus assist therapeutic decisions in prostate cancer patients.

The EMT is characterized by the loss of cell-cell adhesion and an increase in cell motility, and it is a key process in cancer progression and metastasis, making EMT inhibition an attractive therapeutic strategy (34). It was demonstrated that berberine decreased A549 lung cancer cell migration and invasion in a dose-dependent manner through TGF-β-regulated EMT signaling (14). In this study, we also found that the migratory and invasive abilities of prostate cancer cells were inhibited by berberine through inhibition of TGF-β-related signaling molecules, such as BMP7, NODAL, and WNT11 (the expression of TGF-β was downregulated by about 2-fold after berberine treatment; data not shown). Effects of TGF-β can locally result in greater tumor invasiveness through stimulation of angiogenesis or induction of the EMT (35). These results imply that berberine inhibits prostate cancer cell migration and invasion by suppressing the TGF-β-induced EMT.

Plastic phenotypes associated with aggressive tumors present a significant challenge in targeting cancer cells with EMT properties, which seems to be responsible for the morphologic and functional heterogeneity seen in cancers (36). Advances in the field of cancer research of the EMT have enabled characterization of the reemergence of specific embryonic signaling pathways, such as NODAL (37), thus contributing to our understanding of the molecular mechanisms that regulate cancer cell plasticity and aggressiveness. By understanding embryonic signaling pathways reactivated in many cancers and their contributions to tumor cell plasticity, new strategies will emerge about the suppression of this elusive phenotype (38). In our study, of the three validated metastatic oncogenes by EMT PCR Array and quantitative RT-PCR analysis, all of them may be a regulator of tumor cell plasticity and tumorigenecity. Because none of these three genes is highly expressed by primary prostate tissues but all are overexpressed by aggressive metastatic prostate tumor tissues (**Figure [4](#F4){ref-type="fig"}A-C**), they may represent valuable new therapeutic targets. Thus, the diagnostic potential of the combination of expression levels of these genes in human prostate carcinoma seems promising.

In summary, results from this study identified for the first time that berberine inhibits the migration and invasion of prostate cancer cells through inhibiting EMT-related genes. Measurement of EMT-related gene expression patterns may guide treatment choices for determining which patients are likely to benefit from berberine therapy. Among the EMT-related genes in the EMT PCR Array panel, BMP7, NODAL, and Snail can be incorporated into prognostic assays to monitor patients on active surveillance to facilitate appropriate courses of treatment. In addition, more mechanism-based studies are therefore needed to develop berberine as a pharmacologically safe agent alone or in combination with other antimetastatic drugs, for treating metastatic prostate cancer patients.
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![Effect of berberine on prostate cancer cell motility. (A) Western blot analysis of expression levels of the epithelial-to-mesenchymal transition (EMT) inhibitor, E-cadherin, and EMT inducer, vimentin, in a panel of prostate cancer cell lines (LNCaP, DU-145, and PC-3) with different degrees of aggressiveness. (B) Concentration-dependent effects of berberine on cell viability were determined in a panel of prostate cancer cell lines using an MTT cell viability assay. (C) Confluent monolayers of PC-3 cells were scratched using a plastic pipette tip and then incubated in medium in the presence of 0, 10, 25, 50, and 75 μM berberine. At 0, 12, and 24 h after wounding, cells were photographed under a phase-contrast microscope (100×) equipped with a CCD camera. (D) The level of cell migration into the wound scratch was quantified as the percentage of wound healing. Columns, average of three independent measurements; bars, SEM. ^\*\*^*p*\<0.01, ^\*\*\*^*p*\<0.001.](ijmsv12p0063g001){#F1}

![Dose-dependent inhibitory effects of berberine on the migratory and invasive abilities of highly metastatic prostate cancer cells. (A) PC-3 and DU145 cells were treated with berberine (0, 10, 25, 50, or 75 μM) for 24 h and then subjected to a cell migration analysis as described in \"Materials and Methods\". (B) PC-3 and DU145 cells were treated with berberine (0, 10, 25, 50, or 75 μM) for 24 h and then subjected to cell invasion analysis as described in \"Materials and Methods\" (magnification ×200). Trend analysis of the rates of concentration-dependent decreases in the viability, migration, and invasion of PC-3 (C) and DU145 (D) cells at the indicated concentrations of berberine. Data represent the mean ± SEM of three independent experiments.^\*^*p*\<0.05, ^\*\*^*p*\<0.01, ^\*\*\*^*p*\<0.001.](ijmsv12p0063g002){#F2}

![Berberine inhibits expressions of multiple genes associated with EMT activation. (A) Total RNA from untreated and berberine-treated (25 μM for 24 h) PC-3 cells was characterized using the Human EMT PCR Array. Figure shows scatter plot of the difference in relative transcript abundance of 84 key genes that either change their expression during the EMT process or regulate those EMT-related gene expression changes. (B) The top five transcripts exhibiting \>4-fold downregulation are depicted as a proportion of all examined transcripts 24 h after berberine treatment compared to the control. Downregulated genes identified by EMT PCR Array experiments and verified by an independent quantitative RT-PCR of PC-3 (C) and DU145 (D) cells, respectively. A quantitative RT-PCR was done using independent primers to those used in the array experiments. Relative mRNA abundances were calculated using GAPDH as an endogenous control. Quantitative RT-PCR values are the mean ± SEM of *n*=3 and normalized to the mean of untreated cells. ^\*^*p*\<0.05, ^\*\*^*p*\<0.01, ^\*\*\*^*p*\<0.001.](ijmsv12p0063g003){#F3}

![Aberrant expressions of berberine-modulates EMT-related genes associated with shorter survival of prostate cancer patients. Relative expression levels of BMP7 (A), NODAL (B), and WNT11 (C) in different clinical stages of prostate cancer tissues analyzed using the public GEO database. (D) Box plots comparing differences in BMP7 and NODAL gene expressions between risk groups using a *t*-test. (E) Two-gene (BMP7 and NODAL) combinations to accurately predict patient outcomes using Kaplan-Meier analyses of patients with high expressions of the two-gene set (high risk) (*n*=65) from Taylor *et al.*\'s dataset showing stratification of BMP7 and NODAL for shorter-surviving versus longer-surviving patients.^\*^*p*\<0.05, ^\*\*^*p*\<0.01, ^\*\*\*^*p*\<0.001.](ijmsv12p0063g004){#F4}

###### 

Quantitative RT-PCR Primer Sets.

  Primer   Sense                               Antisense
  -------- ----------------------------------- -----------------------------------
  PDGFRB   5\'-TGGGCTAGACACGGGAGAATACT-3\'     5\'-GGTGGGATCTGGCACAAAGA-3\'
  COL1A2   5\'-CACAAGGAGTCTGCATGTCTAAGTG-3\'   5\'-CTCTTGTAAAGATTGGCATGTTGCT-3\'
  BMP7     5\'-CAACCTCGTGGAACATGACAA-3\'       5\'-CGTGACAGCTTCCCCTTCTG-3\'
  NODAL    5\'-CATCCGACCAACCATGCATAC-3\'       5\'-TCAGCGGCTTGGTCTTCACT-3\'
  WNT11    5\'-GAAGGACTCGGAACTCGTCTATCT-3\'    5\'-CTTGTTGCACTGCCTGTCTTG-3\'

[^1]: Competing Interests: The authors have declared that no competing interest exists.
